Seventy-one clinical isolates of 5 species of group D Streptococcus (Enterococcus) were tested for susceptibility to 15 antibiotics at pH 5.0, 7.4, and 8.5. Penicillin G, ampicillin, cephalothin, cephaloridine, and novobiocin were considerably more active against all strains at pH 5.0 than in the more alkaline media. On the other hand, lincomycin, cindimycin, erythromycin, and gentamicin were moderately to markedly more active at pH 8.5. No important differences were noted in the susceptibility of the strains to kanamycin and streptomycin, at the pH levels tested, but the organisms were quite resistant to them in these tests. The various species differed quantitatively in their susceptibility to the individual drugs and in the effects ofpH. The size of the inoculum also had a variable effect on susceptibility, depending on the species of Enterococcus, the antibiotics, and the pH of the test medium. The data suggest that, in the antibiotic treatment of urinary tract infections caused by Enterococcus, attempts should be made to achieve the optimum pH in the urine, particularly in view of the fact that organisms of this group are often resistant to several antibiotics in the usual tests.
In a study of 382 strains of group D Streptococcus (Enterococcus; the terms "group D Streptococcus" and "Enterococcus" are used interchangeably in the text) recently isolated at Boston City Hospital, these organisms were shown to be moderately to highly resistant to a number of commonly used antibiotics; 30% of those strains were isolated from infected urine (17) . There have been reports of enhanced in vitro activity of several antibiotics with alteration of the pH against Sarcina lutea, Streptococcus hemolyticus, Staphylococcus aureus, and Streptococcus faecalis (1, 3, 6, 15) , among the gram-positive organisms, and also against miny gram-negative bacilli (3, 5, 10, 11, 13, 15, 18) . This enhanced activity has been utilized in the treatment of patients with urinary tract infections (4, 8, 9) and in otitis media (7) . This paper presents data on the effects of pH and inoculum size on the susceptibility of 71 strains of 5 liquefaciens), 17 of S. faecalis, 13 of S. faecium, and 4 of S. durans; they were randomly selected from among the 382 strains isolated at Boston City Hospital in 1968-1969 and studied for susceptibility to 21 antibiotics (17) . Fifteen of those antibiotics were used in the present study, and the same methods were employed in testing for susceptibility of the organisms. In tests of the effects of pH, the Heart Infusion agar (Difco) was adjusted to pH 5.0, 7.4, and 8.5 by the addition of either NaOH or HCI, by using a pH meter (Radiometer, Copenhagen). To study the effect of inoculum size, 12 strains (3 each of S. zymogenes and S. liquefaciens and 2 each of the 3 other species) were tested by the inocula-replicating method (16) using undiluted culture, as well as 10 and l0< broth dilutions of the overnight culture as inocula. Control cultures at each pH and with each inoculum grew well in the same medium without antibiotics.
RESULTS
The results of the tests for susceptibility of the 71 strains to each of 15 cephalothin, cephaloridine, and novobiocin at pH 5.0 than at more alkaline levels (Fig. 1) . The increases in susceptibility at pH 5.0 were less marked to cloxacillin (upper right panel, Fig. 1 ), and to tetracycline, doxycycline, and chloramphenicol (Fig. 2) . On the other hand, clindimycin, lincomycin, erythromycin (Fig. 2) , and gentamicin ( Fig. 3) were more active on the alkaline medium. The full effects of the alkaline p-I on the activity of kanamycin and streptomycin (Fig. 3) were not clearly evident because, with the large inoculum used, nearly all the strains were resistant to the highest concentrations used at the three levels of pH tested.
The results of the tests of susceptibility of the 12 selected strains (representing the 5 species of Enterococcus) to novobiocin and cloxacillin, utilizing each of three different inocula on agar at three different levels of pH, are depicted in Fig. 4 . The results of corresponding tests of the same strains with kanamycin and gentamicin are shown in Fig. 5 ; those done with lincomycin and erythromycin are represented in Fig. 6 , and those done with tetracycline, cephaloridine, and bacitracin are depicted in Fig. 7 . Reduction in the size of the inoculum markedly reduced the minimal inhibiting concentration (MIC) of novobiocin at pH 5.0 and 7.4 (Fig. 4) , and resulted in slight to moderate reduction in MIC of cloxacillin at pH 7.4 and 8.5 (Fig. 4) , of kanamycin at pH 7.4 (Fig.  5, upper panel) , and of gentamicin at pH 7.4 and 8.5 (Fig. 5, lower panels) . Large-inoculum effects on the MIC of erythromycin were also noted, particularly at pH 5.0 and 7.4 (upper panels, Fig. 6 ), but only a minor or no effect on the MIC of lincomycin (Fig. 6, lower panels) was demonstrated.
There were also slight or moderate effects of inoculum size on the MIC of tetracycline at each pH (left panels, Fig. 7) , and on the MIC of cephaloridine especially at pH 7.4 (middle panels, Fig. 7) . The inoculum effect on the MIC of bacitracin was striking, but only at pH 5.0 (right panels, Fig. 7) , since all the strains tested were highly resistant to this antibiotic at the higher levels of pH with each of the three inocula.
The effects of pH on the susceptibility of strains of four species of Enterococcus to erythromycin, gentamicin, and ampicillin are shown in Fig. 8 ; the corresponding results with cloxacillin, novobiocin, and lincomycin are depicted in Fig. 9 and chloramphenicol are depicted in Fig. 10 . The ranges of susceptibility of the four strains of S. durans to 15 antibiotics at pH 5.0, 7.4, and 8.5 are listed separately in Table 1 .
The strains of S. faecium were the least susceptible of the four species to ampicillin at each pH. The strains of S. zymogenes show a pattern of susceptibility to ampicillin at pH 5.0, 7.4, and 8.5 that differs from that of the other species (upper panels, Fig. 8 ). Differences similar to those with ampicilin were found with penicillin G, cephaloridine, and cephalothin and are not shown.
All four species were most susceptible to gentamicin at pH 8.5 (middle panels, Fig. 8 ). The strains of S. liquefaciens were the least susceptible to erythromycin at pH 8.5 and showed the greatest differences among the strains (lower panels, Fig. 8 ). On the other hand, the strains of these species were most susceptible to the lincomycins when tested at pH 8.5. The data on lincomycin are depicted in the upper panels of Fig. 9 ; those for clindimycin presented an essentially identical picture and are not shown. Some of the strains of S. faecalis and S. faecium were less susceptible to novobiocin at pH 5.0 than were the strains of the other two species (middle panels, Fig. 9 ). About half of the strains of S. zymogenes and S. faecalis were clearly increased in susceptibility to cloxacillin at pH 5.0 (lower panels, Fig. 9 ). The strains of S. faecalis and most of those of S. liquefaciens were more susceptible to chloramphenicol at pH 5.0 than were the other species (upper panels, Fig. 10 ). Chloramphenicol also appeared to be more active against some strains of S. faecium at pH 7.4 and 8.5.
The two tetracyclines tested behaved identically; the results obtained with doxycycline are depicted in the lower panels of Fig. 10 . The strains of S. liquefaciens were more susceptible at pH 5.0 and 7.4 than were those of the other species. There was no significant difference in susceptibility among the different species to bacitracin, streptomycin, and kanamycin at the three pH levels tested.
Against the four strains of S. durans, the activity of antibiotics at the three levels of pH The data presented here suggest that penicillin G, cephalothin, and novobiocin are considerably more active against all strains of Enterococcus at pH 5.0, whereas ampicillin, cloxacillin, chloramphenicol, tetracycline, and doxycycline are considerably less enhanced at that pH. On the other hand, there was a marked enhancement of activity of erythromycin and gentamicin at pH 8.5 but only slight or no changes in activity of the lincomycins at the different pH levels. The full effect of pH on the activity of kanamycin and streptomycin was obscured by the resistance of most of the strains to the highest concentration used, at each of the levels of pH tested.
Clinical studies with streptomycin (4, 7, 9), erythromycin (Zinner et al., unpublished data), novobiocin (Casey et al., unpublished data), and several other chemotherapeutic agents confirm the potential usefulness of altering the pH to enhance the antibacterial activity of these drugs in gram-negative bacillary infections. The findings presented here suggest that similar regimens may be useful for the treatment of bacteriuria caused by Enterococcus, particularly in view of the fact that these organisms are frequently resistant to many antimicrobial drugs.
The data presented also provide evidence for varying degrees of differences in susceptibility of individual species of Enterococcus to some of the antibiotics tested. Differences were also noted among the various species on the enhancing effects of appropriate changes in pH and also on the effect of the size of the inoculum on the inhibiting concentrations of different antibiotics. In several instances, there were striking differences among the strains of the same species in the MIC of some antibiotics, at one or more of the levels of pH, or in the effect of the inoculum size.
